We present our first experience using HDliveFlow with the HDlive silhouette mode for the diagnosis of a persistent right umbilical vein (PRUV) and single umbilical artery (SUA) in a fetus at 28 weeks and 5 days of gestation. Two-dimensional color Doppler showed a single left umbilical artery around the bladder, and PRUV originating from the umbilical cord. HDliveFlow with the HDlive silhouette mode clearly demonstrated SUA and PRUV, and the spatial connection of PRUV to the inferior vena cava through the ductus venosus was detected. The course of the fetal intra-abdominal vasculatures was clarified in detail. Moreover, visualization of the anatomical landmarks, such as the spine was possible using the HDlive silhouette mode. This technique might be a beneficial adjunctive tool for diagnosing fetal peripheral vascular anomalies with advantages over the use of conventional color Doppler alone.
INTRODUCTION
A PRUV is a fetal vascular developmental anomaly with an estimated prevalence of 2 per 1,000 live births. 1 It includes the persistence of an open right umbilical vein while the left vein is occluded. 2, 3 It is usually associated with other anomalies, such as an SUA and cardiovascular defects. 2, 4 The prognosis is good in isolated PRUV cases. [1] [2] [3] There have been numerous reports on the prenatal diagnosis of PRUV using two-/three-dimensional (2D/3D) power Doppler sonography; 1,3-8 however, to the best of our knowledge, the use of HDliveFlow with the HDlive silhouette mode for the prenatal diagnosis of PRUV and SUA has not been reported.
CASE REPORT
A 27-year-old pregnant Japanese primigravida was referred to our ultrasound clinic at 26 + 1 weeks' gestation because of a suspected dilated fetal right atrium. At 28 + 5 weeks, 2D sonography showed dilatation of the right atrium with tricuspid regurgitation, a persistent left superior vena cava (PLSVC), suspected ventricular septal defect (VSD), and small stomach. The 2D color Doppler revealed a single left umbilical artery around the bladder (Fig. 1A) , and PRUV (Fig. 1B) . HDliveFlow with the HDlive silhouette mode (Voluson E10, GE Health care Japan, Tokyo, Japan) clearly demonstrated the spatial relationships among PRUV, intra-abdominal vessels, and SUA ( Fig. 2 ). At 37 + 5 weeks' gestation, a cesarean section was performed because of a nonreassuring fetal heart rate pattern, resulting in a female neonate weighing 2,254 gm with a height of 44 cm. Postnatal examination confirmed the presence of SUA and PRUV. The neonatal echocardiography showed the presence of a mildly hypoplastic left ventricle, membranous VSD, and PLSVC, esophageal atresia type III was also identified, and an operation was performed on day 6.
DISCUSSION
The 2D sonography is the standard method for the prenatal diagnosis of PRUV. The umbilical vein passes laterally and to the right side of the gallbladder, where it connects to the right portal vein. Then, the left curvature of the umbilical vein to the stomach is detected instead of the classic right-side curve. 7 This topography is usually easily visible in the section obtained to measure the abdominal circumference. The 2D color Doppler is suitable for determining the layout, size, and structure of the umbilical vein and portal venous system. PRUV has two types: intra-and extrahepatic. The intrahepatic type is the most common, occurring in 95% of cases, 3 while the remaining cases are of the extrahepatic type. 4 Recent advanced technologies for 3D/four-dimensional ultrasound, such as HDliveFlow, can clearly demonstrate fetal and placental circulations 9-13 as well as gynecological disorders. [14] [15] [16] [17] [18] In the present case, conventional color Doppler clearly showed SUA and PRUV. However, HDliveFlow with the HDlive silhouette mode enabled clear detection of the detailed course of the fetal intraabdominal vasculatures, and a better understanding of the spatial relationships among them. Although the diagnosis was not changed by the use of these techniques, a better understanding of the vascular connections and spatial relationships among them was obtained, and these techniques facilitated identification of the intrahepatic subtype of PRUV. Moreover, the visualization of anatomical landmarks, such as the spine represented a key advantage of this technique. Therefore, HDliveFlow with the HDlive silhouette mode might be a beneficial adjunctive tool for diagnosing fetal peripheral vascular anomalies with potential advantages over the use of conventional 2D color Doppler alone.
Limitations of this technique are the required learning curve and necessity of fully understanding the anatomy before it can be successfully applied. Further studies involving various fetal vascular anomalies are needed to clarify the true benefits of this technique compared with conventional fetal 2D Doppler imaging. 
